Immunochemical detection of hemoglobin-derived radicals formed by reaction with hydrogen peroxide: involvement of a protein-tyrosyl radical.
To investigate the involvement of a hemoglobin radical in the human oxyhemoglobin (oxyHb) or metHb/H2O2 system, we have used a new approach called "immuno-spin trapping," which combines the specificity and sensitivity of both spin trapping and antigen:antibody interactions. Previously, a novel rabbit polyclonal anti-DMPO nitrone adduct antiserum, which specifically recognizes protein radical-derived nitrone adducts, was developed and validated in our laboratory. In the present study, the formation of nitrone adducts on hemoglobin was shown to depend on the oxidation state of the iron heme, the concentrations of H2O2 and DMPO, and time as determined by enzyme-linked immunosorbent assay (ELISA) and by Western blotting. The presence of reduced glutathione or L-ascorbate significantly decreased the level of nitrone adducts on metHb in a dose-dependent manner. To confirm the ELISA results, Western blotting analysis showed that only the complete system (oxy- or metHb/DMPO/H2O2) generates epitopes recognized by the antiserum. The specific modification of tyrosine residues on metHb by iodination nearly abolished antibody binding, while the thiylation of cysteine residues caused a small but reproducible decrease in the amount of nitrone adducts. These findings strongly suggest that tyrosine residues are the site of formation of the immunochemically detectable hemoglobin radical-derived nitrone adducts. In addition, we were able to demonstrate the presence of hemoglobin radical-derived nitrone adducts inside red blood cells exposed to H2O2 and DMPO. In conclusion, our new approach showed several advantages over EPR spin trapping with the anti-DMPO nitrone adduct antiserum by demonstrating the formation of tyrosyl radical-derived nitrone adduct(s) in human oxyHb/metHb at much lower concentrations than was possible with EPR and detecting radicals inside RBC exposed to H2O2.